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(54) A digital color correction method 

(57) A method for carrying out a color 
correction in a digital manner in a 
picture reproducing machine such as a 
color scanner, a color facsimile, or the 
like, which is capable of saving a large 
volume of capacity of a memory, 
wherein a resultant value obtained from 
a combination of color separation sig- 
nals which are obtained by scanning 
photoelectricalty a color original pic- 
ture, is represented in a plane coordin- 
ate system, and wherein the coordin- 
ates of the resultant value are trans- 
formed in order to correct hue and 
saturation by operating upon the color 
separation signals together with prede- 
termined factors, thereby obtaining a 
combination of color-corrected color 
separation signals. 
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SPECIFICATION 

A digital color correction method 

5 Background of the invention . ^ 

This invention relates to a method for carrying out a color correction in a digital manner in a picture 
reproducing machine such as a color scanner, color facsimile, or the like, which is capable of saving a large 
volume of the capacity of a memory used therein. ^ 

In a color printing, when color separation printing plates are made, color separation signals obtained by 
10 scanning an original picture are generally color-corrected in order to remove inconveniences according to 10 
the hue differences among color printing inks and the gradation differences of halftone dots produced by 
means of halftone screens, and the like. 

For instance, in a conventional picture reproducing machine such as a color scanner, or the like, the color 
correction is performed in an analog system, wherein the hue of the original picture is divided, for instance, 
*1 5 into six color signals for violet, magenta, orange, yellow, green and cyan. Then, from the six color signals are 15 
obtained four color signals for cyan C, magenta M, yellow Y, and black Bk, which control the amounts of the 
color printing inks for each printing plate. 

This method, however has defects such as lack of stability of the processing circuits, limited color 
correction variable range, and so forth. 
20 In order to remove these defects, a digital computer system having a memory is proposed, and it has 
advantages such as wide correction variable range, convenience of operation, simple construction, high 
quality printing and rapid operation. In this case, in general, an original color picture is scanned to obtain 
three (red green, and blue) color separation signals R, G and B. These three color separaton signals are sent 
to a color operation circuit, thereby finally obtaining recording signals for density of printing inks, such as 
25 cyan C, magenta M, yellow Y, and black Bk. 

In order to provide the most accurate possible color reproduction, a combination of the amounts of cyan, 
magenta, and yellow inks (the black ink, and so forth, are omittted for the sake of brevity of explanation) is 
necessarily determined corresponding to a combination of red, green, and blue color separation signals. 
Consequently, for the purpose of color correction by selecting the combination of cyan, magenta, and 
30 yellow values correcponding to the combination of red, green, and blue values, the color-corrected 30 
combinations of cyan, magenta, and yellow values corresponding to each combination of red, green, and 
blue values are stored in a memory in advance, and then, the color-corrected combination of cyan, magenta, 
and yellow values is read out by addressing the memory by the combination of red, green and blue values 
corresponding thereto. . 3 
35 If each red green, and blue range is divided into, for example, two hundred tone steps, altogether 200 = 35 
8 000 000 combinations of cyan, magenta, and yellow values must be stored in the memory, which requires 
that the memory has a large capacity. Therefore, in practice, in order to reduce the storage capacity required 
for the memory the tone steps to be divided are reduced to a manageable level, and intermediate values are 
properly interpolated between each two tone steps in thethree-dimensional space difmed in the memory by 
the three axis of red, green and blue. However, this method still requires the memory having a large 40 
capacity. This means high cost, and thus is not practicable. 



40 



Summary of the invention 

It is an object of the present invention to provide a method for carrying out a color correction in a digital 
45 manner free from the abovementioned defects which does not require the three-dimensional space and is 
simple and convenient in operation and simple in construction. 

Accordingly to the present invention there is provided a method for carrying out a color correction in a 
digital manner, comprising the steps of representing a resultant value corresponding to a combination of 
color separation signals obtained by scanning photoelectrically a color original picture, m a plane 
50 coordinates system, and transforming the coordinates of the resultant value in order to correct hue and 
saturation corresponding to the combination of the color separation signals by operating the color 
separation signals, thereby obtaining a combination of color-corrected color separation signals. 
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Brief description of drawings . 

In order that the present invention may be better understood, preferred embodiments thereof will now be 55 
described with reference to the accompanying drawings, in which: 
Figure 1 shows a coordinates system used in a method according to the present invention ; 
Figures 2 and 3 show an enlarged coordinates system in Figure 1 , for explaining the principle of a color 
correction according to the present invention; 
Figure 4 shows a small area part divided of the coordinates system in Figure 1 ; 

Figure 5 is a schematic view for explaining an interpolation method applied to the method of the present 

invention; * . 

Figure 6 is a schematic view of an electric circuit for the method of the present invention; 
Figure 7 is a schematic view of a minimum value selector circuit in Figure 6; 
65 Figure 8 is a schematic view of the memory in Figure 6; 
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Figure 9 is a schematic view of another electric circuit for the method of the present invention; 
Figure 10 is a timing chart for an interpolator circuit in Figure 9; and 
Figure 11 is a block diagram of the interpolator circuit in Figure 9. 

5 Descrip tion of pre f erred em b o dim en ts 5 
Referring now to the drawings, there is shown in Figure 1 a circular polar coordinates system on a X - Y 
rectangular plane coordinates system. It is divided in a circumferential direction into three equal sectors by 
three radial axes [BJ, [G] and [R] for red, green and blue, the three axes extending radially from the center, 
and the axis [B] being coincident with the + X axis, and is also divided in equal distance into eight parts by 

10 concentric circles, and each sector, i.e. BG, GR or RB plane is further divided into eight equal sectors by 10 
seven radial lines, thereby obtaining 1 92 small area parts. That is, the hue is divided twenty-four steps and 
the saturation is divided into eight steps. 

When strengths of color separation signals obtained by scanning photoelectrical^ an original picture are 
expressed as lengths from the center, i.e. three vectors, along the three axes [B], [G] and [R] in the polar 

15 coordinates, and then the three vectors are added to obtain a resultant vector, the orientation and the size of 15 
the resultant vector indicate the hue and the saturation corresponding to the combination of the color 
separation signals. Accordingly, in practice, the hue and the saturation of the combination of the color 
separation signals can be known by discriminating one of the 192 small area parts divided in the polar 
coordinates, in which the tip of the resultant vector obtained, by operating the combination of the color 

20 separation signals, is located. Hence, the hue and the saturation corresponding to the combination of the 20 
color separation signals may be determined by the ratio among them. 

In Figure 2 are shown three vectors corresponding to color separation signals Bo, Go and Ro picked up, 
extending from the center along the axes [B], [G] and [R] in the polar coordinates. When Ro is minimum 
(MIN), if (Bo-MIN), (Go-MIIM) and (Ro-MIN) are expressed as B, G and R which is zero in this case, the 

25 resultant vector A obtained from the vectors Bo, Go and Ro is the sum of the vectors B and G because R is 25 
zero. The orientation of the vector A with respect to the +X axis, i.e. an angle a which is measured 
counterclockwise from + X axis represents the hue corresponding to the combination of Bo, Go and Ro, and 
the size of the vector A represents the saturation corresponding to the same. As shown in Figure 2, since Bo 
is largerthan Go and Go is larger than Ro, the resultant vector A is located in BG plane. 

30 Consequently, the color correction of the hue and the saturation can be made by varying the angle and the 30 
size of the vecotr A, or transforming the coordinates of the same. Now, when the vector A is pivoted to the 
position of vector At through an angle from the angle a, as shown in Figure 2, the vectors or color 
separation signals B and G are changed to B, and G 1# thereby converting the hue. if the size of the vector A is 
varied, the color separation signals B and G are changed, thereby converting the saturation. 

35 i hus, by varying the angle and the size of the vector A or transforming the coordinates of the same in the 35 
same time, the differences of the hue and the saturation between the original picture and the reproduction 
can be corrected, while the color separation signals Bo, Go and Ro and the amounts of the inks are varied. 

According to the method of the present invention, the color correction is performed by earring out the 
operation of the color separation signals together with factor predetermined as hereinafter described, 

40 depending on the hue and the saturation corresponding to the combination of the color separation signals 40 
picked up. 

In order to carry out this method, first which plane BG, GR or RB the resultant vector A corresponding to 
the combination of the color separation signals Bo, Go and Ro is positioned in is discriminated by detecting 
the minimum value of the color separation signals Bo, Go and Ro, and the angle a and the size of the 

45 resultant vector A are obtained by operating the color separation signals Bo, Go and Ro. Then, a small area 45 
part wherein the tip of the vector A is positioned is discriminated by the angle a and the size of the vector A, 
as hereinafter described in detal in connection with Figures 6 and 7. Then, the factors which are stored in an 
address corresponding to the small area part of the memory are read out by using the angle a and the size of 
the vector A as addressing signals, and the color separation signals Bo, Go and Ro together with the factors 

50 read out are operated, thereby obtaining a combination of color-corrected color separation signals Bo', Go' 50 
andRo\ 

The operating method of the angle a and the size of the vector A, the factors to be stored in the memory, 
and so forth, will be described. . 

The discrimination of the plane BG, GR or RB wherein the vector A is located is conducted by detecting the 
55 minimum value of the color separation signals. For example, when the vector A is positioned in BG plane, as 55 
sjhownjn Figure 2, assuming that unit vectors in the X and the Y directions are i and j, the vectorA" 
(A=B+G + R , ;Bi = B, 1G1 = G and "Ri=R) is expressed in the following formula. 



A=Ax.i+Ay.j 



(1) 



3 
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Ax and Ay are shown in the followings: 

Ax=B-cos5-G = B-4.G = Acosa 

3 2 (2) 

5 Jt xTJ 5 

Ay = cos-.G=~.G= Asina 
Y 6 2 

Therefore, a=tan' 1 ^^tan" 1 (3) 

Ax 2B-G 

10 Further, the size of the vector A is indicated in the following formula. 10 

A- X /Ax 2 + Ay 2 = \/^B~G) 2 +(-|$ 2 = Vb 2 -BG+G 2 (4) ■ 

From the angle a and the size of the vector A one of the small part wherein the tip of the vector A is 
15 positioned, is discriminated. 15 
Then, supposing that the vector At is obtained by correcting the hue of the vector A corresponding to the 
color separation signals Bo, Go and Ro, i.e. the vector A is pivoted through the angle a-i in Figure 2, the vector 
Xj is represented in the following formula. 

20 A" 1 + A 1 x.i-fA 1 y.j (5) 20 

Since the size of the vector A is not changed, the following formula should be realized. 

A=i ~A, = ~A r =A n (6) 

25 25 
As clearly shown in Figure 2, A^x and Ajy are expressed as follows. 

1 

Atx + B^Gt 

2 (7) 

A^y-^ 
Meanwhile, 

35 AiX=A l cos(a-ha 1 ) = A 1 cosa.cosai-A 1 sina.sina l 35 

(8) 

ATy + ATSinfa + a-iHATsina.cosaT-i-A-iCosa.sina-i 
40 From the formulae (2), (6) and (8), AtX and A^y are resulted in the following formulae. 40 



45 A 1 x = (B4G)cosa 1 -^sma l ) = Bcosai-G(^cosa 1 +-^sma l } 

2 1 11 " (9) 

A 1 Y=-^cosa l + (B-^sina l )^Bsina l + G{-^cosa l ~sina l ) 

50 - - 

From theformulae (7) and (9), Bt and Gi are obtained as follows. 



1 2 
Bi = B(cosa-|-{- ^-sina^- ^=Gsina! 



(10) 



45 



50 



55 2 1 .55 

Gt+ ^.yBsinaT + Gfcosan- ^—sina^ 

When the vector A is positioned in GR plane, Ax, Ay, a, A, d and Ri are obtained in the same manner as 
described above. 
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A x =-(Gcos5+Rcos^)=4(G+R)>Acosa 

3 32 (11) 

Ay=Gcos?-Rcos?= ^hG + R) = Asina 
c 6 6 2 

b t -i VT(R-G) . (12) * 

a=tan — • (12) 

A= VG 2 -GR = R 2 (13) 

1 2 

10 G 1 = G(cosa 1 -t- ^sina^-R ,—sina! 10 

V3 V3 ( 14 ) 

2 1 
R n = ^^GsinaT + Rfcosar ^=sinai) 

15 When the vector A is positioned in RB plane, Ax, Ay, a, A, R-i and B, are obtained in the same manner as 15 
described above. 

Ax=B-Rcos2B-4R = Acosa 

3 2 (15) 

20 _ ^nr 20 



Ay=-Rcos^=- Asina 

,161 

25 A=VB 2 -BR + R 2 • (17) 25 

1 2 
R 1 =R{cosai + — sina^-B f ^=sinai 

V3 V3 {18} 

2 1 

30 Bt = R ^sinaT + Btcosai ,==sinai} 30 

The saturation of the hue-corrected value At corresponding to the combination of B 1# G t and Ri is then 
corrected by multiplying the factor C to the value A v thereby resulting a combination of color-corrected color 
separation signals B out , G out and R out , as follows. 
35 35 
Bout— Cb.Bi 

• (19) 

Gout=Cg.G 1 

40 R otlt =Cr.R 1 40 

In these formulae Cb, Cg and Cr mean component factors of blue, green and red in [B], [G] and [R] axes, as 

shown in Figure 3. 

The vector "Cequals to the sum of Cb, Cg and Cr (iCbf=Cb, ICgi^Cg^and |Cri = Cr). If the minimum value of 

45 the three components is zero, vector~C*is_the sum of the components Cb and Cg whenjhe vector C is 45 

positioned in BG plane. When the vectorC" is positioned in GR or RB plane, the vector C is the sum of Cg and 
CrorXrand'Cb. 

As clearly shown in Figure 3, when At is positioned in BR plane, if the X and the Y components of the 

vector "Care denoted to Cx and Cy and the unit vectors in the X and the Y directions are i and j, the vector C is 
50 expressed in the following formula. 50 

C=Cx.i + Cy.j 

Then, the components Cx and Cy are as follows. 
55 55 
Cx=Ccos(a+ai) 

(20) 

Cy=Csin(a+a!) 

60 andCx=Cb^Cg 60 
2 (21) ' 



Cy- 



5 



GB 2 045 026 A 



5 



From the X and the Y components Cx and Cy in the formulae (20) and (21 >, the components Cb and Cg are 
obtained as follows. 

1-1 
Cb=Cx + / «Cy+C[cos(a+A 1 )+ /^sinla+a!)] 

5 2 2 (22) 

Cg= y^y c y= ^yCsinia + aT) 

When At is positioned in GR plane, the components Cg and Cr are obtained in the same manner as described 
above, 

10 1 1 

Cg=-Cx+ =Cy=-C[cos(a + a 1 )- ^sinfa+aO] 

V3 V3 (23) 

Cr=-Cx-r ^= Cy=-C[cos(a-fai)+ ^^sinta+a!)] 

15 When At is positioned in RB plane, the components Cr and Cb are also obtained in the same manner as 
above. 

2 2 
Cr= ==Cy=- --Csinfa+a!) 

V3 V3 (24) 

1 1 
20 Cb=Cs- ^Cy+Cfcosta + a-,)- ^-=sin(a+ai)] 

Thus the obtained results are tabulated in Table 1 . 

25 

TABLE 1 

3Q BG plane GR plane RB plane 

iV3G , V5[FF5) i V3R" 

tan 2B^ ^ ^TR" R-2B~~ 

A VB 2 -BR+G 2 VG 2 -GR + R 2 \/R 2 -RB-f-B 2 

35 

B(cosa!+ ssinaO B(cosa 1 - ^sina^ 

~ G y1 sinai yt 3 " 181 

40 

Gtcosa^- isina^ 0(0058!+ isina^ 

Gl 2 „ 2 . 

+ B -sinai- -R v ^ sina i ■ 

45 

R(cosa r y5 sina ^ R(cosai+ ^sina^ 

Rl 2 n 2 . 

+ G ^gsina-, -B^sina, 

50 Clcosfa + a!) Clcosfa + aO 

Cb - - ! 

+ -sinta + a,)] -^sin(a + a 7 )] 

2 

cc =Csin(a + a!) -Cfcosfa + a-,) 

bb ■ V3 

Cg i 

"V3 sin(a+aiJ1 

60 

2 

-C[cos(a + aO -^Csin(a + a!) 

Cr 1 

+ ssinfa+a-,)] 
V3 
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The values B, G and R in Table 1 are obtained by subtracting the minimum value (MIN) of the color 
separation signals Bo, Go and Ro from each color separation signals Bo, Go and Ro. In practice, the factors to 
be multiplied to the value B, G and R may be revised in advance corresponding to the minimum value 
thereof and then the revised factors may be multiplied to the color separation signals Bo, Go and Ro. 
5 In Figure 4 is shown one small area part PiP 2 p3p4 of 192 parts divided, which includes two tips of the 5 
vectors A 2 and A 3 whose hues and saturations are somewhat different one from another. In this case, in 
order to perform more faithful and precise color-correction, such intermediate values in one small area part 
may properly be interpolated. A conventional interpolation method for this will be described with reference 
to Figure 5, Now the small area part P1P2P3P4 in Figure 4 is assumed to be a square P1P2P3P4 positioned in 
10 coordinates (0,0), (0,1), (1,1) and (1,0), in Figure 5. Each vertex P 1# P 2 , P 3 orP 4 has a value U(0,0), U{0,1), U(1,1) 10 
or U(1 ,0). A value U(d 1 ,d 2 ) of a point P positioned in coordinates (d 1 ,d 2 ) in the square is obtained by the 
interpolation. 

Two intersects P 12 and P34 of a parallel straight line with the line P2P3, which passes through the point P 
with the lines PtP 2 and P 3 P 4 have values U(0,d 2 ) and U(1,d 2 ) which are calculated in the following formulae. 
15 15 
U(0,d 2 )-U(0,0)<J 2 [U(0,0)-U(0,1» (25) 

U(1,d 2 ) = U(1,0)-d 2 [U(1,0)-U(1,1)] ; (26) 

20 From the two formulae (25) and (26) the value U{d 1 ,d 2 ) of the point P is obtained as follows. 20 

U(d l ,d 2 ) = U(0,0)-d 2 [U(0,0)-U(0,1)]-d l {[U(0,0)-U(1,0)] 

-d 2 [U(0,0)-U(0,1)l + d 2 [U(1 f O)-U(1,1)]} (27) 

25 Hence, since the coordinates 6^ and d 2 are known by the angle a and the size of the vector A, as described 25 
above, and the values corresponding to U(0,0), U(0,1), U(1 ,0) and U(1,1 ) are stored in the memory in 
advance, the intermediate values of the point in the small area part can be readily interpolated, as occasion 
demands. 

In Figure 6, there is shown a block diagram of an electric circuit for carrying out the method according to 
30 the present invention. 30 
The cotor separation signals Bo, Go and Ro picked up, which are converted into digital signals in an 
analog-digital converter (not shown), are fed to a minimum value selector circuit 1 and a data selector circuit 
1 1 comprising a plurality of gates and OR circuits. 
An embodiment of the minimum value selector circuit 1 is shown'in Figure 7, and comprises three 
35 magnitude comparators 28, 29 and 30; inverters 31, 32 and 33; and gates 34, 35 and 36. In this minimum 35 
value selector circuit 1 , the plane BG, GR or RB wherein the vector A is positioned, is discriminated. In each 
magnitude comparator 28, 29 or 30, the strengths of the signals Bo and Go; Go and Ro; or Ro and Bo are 
compared, and each magnitude comparator 28, 29 or 30 outputs a high level signal H or a low level signal L 
when Bo is larger than Go or Go is larger than Bo, when Go is larger than Ro or Ro is larger than Go, or when 
40 Ro is largerthan Bo or Bo is larger than Ro. 40 
When the magnitude comparator 28 and 30 output the low level signal L and the high level signal H, i.e. Go 
is larger than Bo and Ro is larger than Bo, the signals Bo of the minimum value is discriminated, that is, the 
vector A is positioned in the.GR plane, and the gate 34 outputs a gate signal Bg. When the vector A is 
positioned in the plane RB or BG, the gate 35 or 36 outputs a gate signal Gg or Rg in the same manner as 
45 described above. 45 
The color separation signals Bo, Go and Ro are sent to signal selector circuits 2, 3 and 4, in which the color 
separation signals predetermined are selected depending on the gate signal and the selected signals are 
output from the signal selector circuits 2, 3 and 4. 
When the signal Bo is the minimum, and the gate signal Bg is output from the minimum value selector 
50 circuit 1, the signal selector circuits 2, 3 and 4 output the signals Bo, Ro and inverted Bo. These signals are so 50 
fed to adders 5 and 6, as Go and the inverted Bo to the adder 5, and Ro and inverted Bo to the adder 6. In each 
adder 5 or 6, the operation of G=Go-Bo or R-Ro-Bo is performed. 

While the results G and R are input as address signals into memories 7, 8 and 9, the gate signal is input as a 
tip select signal into one of the memories 7, 8 and 9, for utilizing the one thereof. In each memory 7, 8 or 9, 
55 angular numbers corresponding to sectors obtained by dividing radially BG, GR or RB plane in Figure 1 by 55 
radial lines are stored, and in the memory 10 linear numbers corresponding to a central circle and concentric 
circles obtained by dividing concentrically the planes in Figure 1 by concentric circles are stored. 

When the signal Bo has the minimum value, the gate signal Bg selects the memory 7 which reads outthe 
angular number corresponding to the sector including the angle a of the vector A according to the values G 
60 and R operated, and the memory 10 reads out the linear number corresponding to the concentric circle 60 
including the tip of the vector A according to the same. In other words, the small area part including the tip of 
the vector A corresponding to the combination of the color separation signals Bo, Go and Ro is discriminated 
by the angle a and the size of the Vector A. 
Thus the read-out angular number from the memory 7, corresponding to the angle a of the vector A is sent 
65 to memories 12, 13, 14, 15, 16, 17 and 18, and acts there as an address signal to read outthe factors stored 65 
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therein. The read-out linear number from the memory 10, corresponding to the size of the vector A is sent to 
the memories 13, 14, 1 5, 16, 17 and 18, and acts there as an address signal to read out the factors stored 
therein. 

In the memory 1 2, gain factors to be multiplied to the minimum value of the color separation signals tor 
5 controlling the color balance are stored in the addresses corresponding to the angular numbers. In the 5 
memories 13, 14, 15, and 16, the factors for controlling the hue, i.e. 

1 2 1 . . _2 . 

cosa^ ^§sina 1f - ^§sinai, cosa^ ^| sma i' and y^ sinai/ 

10 are stored in the addresses corresponding to the angular and the linear numbers. 10 



1 5 In the memories 17 and 18, the factors for controlling the saturation, i.e. Cb, Cg and Cr except one thereof 15 
corresponding to the minimum color separation signal, are stored in the addresses corresponding to the 
angular and the linear numbers. For instance, when the signal Bo has the minimum value, the vector A is 
positioned in the GR plane, and the memories 17 and 18 output Cg and Cr. 
There is shown in Figure 8 an embodiment of the memories 12-18, comprising registers R 10 , Fin, R 12 , K 13 , 

20 Rid and Ft 15 and memory units 37, 38 and 39 wherein predetermined factors concerning Bg, Gg and Rg 
planes are stored. The selection of the memory units 37, 38 or 39 is conducted by the gate signal Bg, Gg or 
Rq Lines for data bus, address bus and control bus are connected to those of a centrol processing unit 
hereinafter referred to as CPU, From the information input the CPU determines the necessary factors for the 
present method, and makes the memory units store the data. A microcomputer, or the like may be used as 

25 th jh ™ ' the f act ors read out of the memories 12, 13, 14, 1 5, 16, 17 and 18 are sent to multipliers 1 9, 20, 21, 22, 

23, 26 and 27, respectively. _ # 

Th* data selector 1 1 sends the color separation signal having the minimum value such as Bo to the 

multiplier 1 9, and the other color separation signals Go and Ro to the multipliers 20 and 23; and to ones 21 
30 and 22. 

Then, the outputs from the multipliers 20 and 21 such as 



35 



1 

Go(cos3i-r =sina-i) 
and. 

-Ro Jsina, 



20 



25 



30 



35 



are fed to an adder 24 which outputs a signal corresponding to 

1 -id 2 • 40 
40 Gi = Go(cosa<,-i- ^=sma)-R ^sina-i 

to the multiplier 26. The outputs from the multipliers 22 and 23 such as 
1 - 

Ro(cosai- ssinan) ^ 45 

45 and 

2 . 

Go ^=smai 

are sent to an adder 25 which outputs a signal corresponding to 

50 2 i 

Rt = Go -sinai-f-Rofcosar =sinai). 
\/3 V3 

In the multipliers 19, 26 and 27, the factors read out of the memories 12, 17 and 18 are multiplied to the 
outputs from the data selector 1 1 and the adders 24 and 25, thereby obtaining the color-corrected color 

.55 separation signals. ^ , ... . 

In the embodiment described above, the digitalized signals such as Bo, Go, Ro, Bg, Gg, Rg, and the like 
each requires necessary bit numbers corresponding to its quantized levels and therefore each line appeared 
in the drawings requires the corresponding numbers. However, in order to simplified the drawings it is 
drawn in one line, and also each element involved is simplified in the drawings. 
60 In Figure 9, there is shown another electric circuit for carrying out the method according to the present 

invention, which is capable of performing the interpolation described above with references to Figures 4 and 
5. This circuit is basically the same as that in Figure 6 and is further provided with memories 40 and 41 , latch 
circuits 42 and 43, addressor circuits 44 - 48, and interpolator circuits 49, 50 and 51 . 

In the memories 40 and 41, the predetermined values corresponding to d! and d 2 shown in Figure 5 are 
65 stored in advance. These values are read out of the memories by address signals obtained from the angle a 



50 



55 



60 



65 
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and the size of the vector A, and then are latched in the latch circuits 42 and 43. 

The output signals from the signal selector circuit 4 and the memories 7, 8, 9 and 10 are sent to the 
addressor circuits 44, 45, 46, 47 and 48 which address the memories 12 - 18 in order to read out the factors 
corresponding to the small area part wherein the tip of the vector A is located. For instance, the addressor 
5 circuits 44 -48 are so controlled bytiming pulse signals T, andT 2 shownin Figure 10a and 10b, that, when 5 
the signals T, and T 2 are in low levels L; high and low levels H and L; low and high levels L and H; or high 
levels H, the address corresponding to P v P 2 , P 3 or P 4 in Figure 5 may be addressed. 

Thus the read-out signals from the memories 12 - 18 are fed to the interpolation circuits 49, 50 and 51 
through the multipliers 19-23, the adders 24 and 25, and the multipliers 26 and 27 in the same manner as 
10 described above with reference to Figure 6. The signals E and F latched in the latch circuits 42 and 43 are sent 10 
to the interpolation circuits 49, 50 and 51 . 

An embodiment of the interpolator circuits 49, 50 and 51 is shown in Figure 1 1, and comprises shift 
registers 52, 53, 54 and 55, subtractor 56, 57, 61 and 68, adders 65 and 67, multipliers 60 and 66, and latch 
circuits 58, 59, 62, 63, 64 and 69. 
15 For instance, signals D in output from the multiplier 19 in synchronization with a timing pulse signal T 3 15 
shown in Figure 10c, i.e. U(0,0), U(0,1}, U(1,0) and U(1,1) in the formula (27) mentioned above, are input 
consecutively into the shift registers 51 , 53, 54 and 55. While the signals are shifted from one to another, the 
signals D in are properly picked up and are sent to the subtracters 56 and 57. In the subtractor 56, U(0,0)-U(0,1 ) 
and U(1,0}-U(1,1 ) are calculated, and are fed to the latch circuit 58 by using timing pulse signals T 4 and T 6 
20 shown in Figure lOd and 1 0f. In the subtractor 57, U(0,0)-U(1 ,0) is calculated and is sent to the latch circuit 59 20 
by using timing pulse signal T 5 shown in Figure 10e. 

U(0,0)-U(0 / 1) and U(1,0)-U(1,1) are sent from the latch circuit 58 to the multiplier 60 in which they are 
multiplied by the value d 2 lached in the latch circuit 43, thereby obtaining d 2 [U(0,0)-U(0,1 )] and 
d 2 [U(1,0)-U(1,1)]. By using the timing pulse signal T 5 , d 2 [U(0 / 0)-U{0,1)] is sent from the multiplier 60 to the 
25 latch circuit 62 to latch it, and by using a timing pulse signal T 7 shown in Figure 10g, d 2 [U{1,0)-U{1,1 )] is sent ,25 
from the multiplier 60 to the latch circuit 63 to latch it. 

The latch circuits 59 and 62 output U{0,0)-U(1 ,0) and d 2 [U(0,0)-U(0,1 ) to the subtractor 61 in which 
U(0,0)-U{1,0)-d 2 [U(0,0)-U(0,1 )J is obtained and latched in the following latch circuit 64 by using the timing 
pulse signal T 7 . From the latch circuits 63 and 64 f U(0,0)-U{1 ,0)-d 2 [U(0,0)-U(0,1 )] and d 2 [U(1,0)-U(1,1 )] are 
30 sent to the adder 65 and there U(0,0)-U(1,0)-d 2 [U(0,0)-U(0,1)]+d 2 [U(1,0)-U(1,1)j is obtained and is sent to the 30 
multiplier 66. 

In the multiplier 66 the value d^ is input from the lach circuit 42 and d n {[U(0,0)-U(1,0)]-d 2 [U(0,0)- 
U(0,1)] + d 2 [U(1,0)-U(1,1))[ is obtained and sent to the adder 67. into the adder 67 d 2 [U(0,0)-U(0,'l)] is fed from 
the latch circuit 62 and there d 2 [U{0,0)-U(0,1 )l+d l {[U(0,0)-U(1,0)]-d 2 [U{0,0)-U(0,1 )]+d 2 [U{1 ,0)-U(1,1)]} is 

35 obtained and is sent to the subtractor 68, From the shift register 55, U(0,0) is sent to the subtractor 68 35 
wherein U{0,0)-d 2 [U(0,0}-U{0,1 )]-d 1 {[U(0 / 0)-U(1,0)]-d 2 [U(0,0)-U{0,1 )] + d 2 [U(1,0)-U(1,1 )]} is obtained and latch- 
ed is the following latch circuit 69 by using a timing pulse signal T 8 shown in Figure 10h. Then the latch 
circuit 69 outputs it as an output signals D out . 

In the embodiment shown in Figure 9, the interpolator circuits 49, 50 and 51 are arranged after the 

40 multipliers 19, 26 and 27, but they may be arranged just after the memories 12 * 18 when the factors read out 40 
thereof are interpolated. 

According to the present invention, it is not always necessary to divide equally the BG, the GR and the RB 
planes by radial lines and concentric circles. 
Although the present invention has been shown and described in terms of preferred embodiments 
45 thereof, however, various changes and modifications can be made by those skilled in the art without . 45 
departing from the scope of the present invention. 

CLAIMS 

50 1. A method for carrying out a color correction in a digital manner, comprising the steps of: 50 
representing a resultant value corresponding to a combination of color separation signals obtained by 
scanning photoelectrical^ a color original picture, in a plane coordinates system, and 

transforming the coordinates of the resultant value in order to correct hue and saturation corresponding to 
the combination of the color separation signals by operating the color separation signals, thereby obtaining 
55 a combination of.color-corrected color separation signals. 55 

2. A method as claimed in claim 1, wherein the plane coordinates system is a polar coordinates system. 

3. A method as claimed in claim 2, wherein the resultant value is represented as a vector extending 
radially from the center of the coordinates system, and wherein the angle with respect to a standard radial 
axis and the size of the vector represent the hue and the saturation corresponding to the combination of the 

60 color separation signals. 60 

4. A method as claimed in claim 3, wherein the polar coordinates system is divided in circumferential and 
radial directions into a plurality of small area parts by radial lines and concentric circles, and factors " 
predetermined for operating the transformation of the vector are stored in addresses corresponding to the 
small area parts in a memory. 

65 5. A method as claimed in claim 4, wherein one of the small area parts, in which the tip of the resultant 65 
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vector is positioned, is discriminated by the angle and the size of the resultant vector, wherein the factors 
corresponding to the one small area part are read out of the memory, and wherein the coordinates of the 
resultant vector are transformed in order to correct the hue and the saturation by operating the color ■ - 
separation signals together with the factors read out, thereby obtaining a combination of color-corrected 
5 color separation signals. 5 
6. A method as claimed in claim 5, wherein the color-corrected color separation signals are interpolated 
according to the deviations of the position corresponding to the tip of the vector corresponding to the 
combination of the color-corrected color separation signals from the standard values corresponding to the - 
small area part in which the tip of said vector is positioned. 
10 7. A method as claimed in any of claims 1 - 6, wherein the digital operation is performed in an electric 10 
circuit. 

8. A method for carrying out a color correction in a digital manner substantially as herein before 
described with reference to and as illustrated in Figures 1 to 8 of the accompanying drawings. 

9. A method for carrying out a color correction in a digital manner substantially as herein before 

1 5 described with reference to and as illustrated in Figures 1 to 5 and 9 to 1 1 of the accompanying drawings. 1 5 
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